The effects of diphenylamine, dimethyl sulfoxide, streptomycin, AMO-1618, and 3-ionone on the carotene composition of a wild-type and three mutant strains of Phycomyces blakesleeanus have been examined. Diphenylamine increased the phytoene and phytofluene concentrations of all strains while reducing the levels of the color carotenes. Dimethyl sulfoxide reduced the concentration of both cyclic and acyclic carotenes, whereas AMO-1618 increased the levels of all carotenes in all the strains. The wild type and mutants responded differently to the presence of streptomycin and (3-ionone. The possible mode of action of the above agents on carotenoid biosynthesis is discussed.
Within the context of an overall program (4-6, 10-12, 20) to study the many aspects of carotene synthesis in the water mold Phycomyces blakesleeanus, we have used several of its mutants in which the patterns of carotene formation have been greatly altered from that of the wild type (2, 15) . The effects of CPTA (2-[4-chlorphenylthio]-triethylamine hydrochloride) and Cycocel on carotenogenesis in a high (3-carotene mutant strain (C115), a high lycopene strain (09), and an albino mutant (05) have been investigated (6) . Similarly, the action of CPTA analogues, nitrogenous heterocyclic compounds, and various other nitrogenous compounds has also been extensively studied on the C115 strain and to a limited extent on the C9 mutant (4, 5) . From the C9 mutant we have been able to prepare a partially purified cell-free system capable of converting [trans-14C]geranylgeranyl pyrophosphate to phytoene, phytofluene, 4-carotene, neurosporene, and lycopene (10) . We have also made studies on the mechanism of the condensation of geranylgeranyl pyrophosphate to form phytoene using a cell-free system prepared from the C5 mutant (11) .
For this work we have examined the carotene composition of the mycelia of a wild strain and three representative types of Phycomyces blakesleeanus mutants as affected by several chemicals such as diphenylamine (DPA), dimethyl sulfoxide (Me2SO), f8-ionone, and the antibiotic streptomycin. All of these agents are known to affect carotenoid synthesis in a variety of organisms. The action of DPA (7, 17) , f3-ionone (13, 14, 20) , and streptomycin (8, 16) on the carotene synthesis in P. blakesleeanus wild types has been previously described. Their effects on the mutant strains have not been ascertained, however. We have also used the plant regulator AMO-1618 (2-isopropyl-4-dimethylamine-5-methylphenyl-1-piperidine-caroboxylate methyl chloride), which is known to affect the conversion of geranylgeranyl pyrophosphate to kaurene, an intermediate in gibberellin biosynthesis (3). Our purpose in the work reported here was to investigate the possibility of further altering the carotene composition of the mutants so that they would be more suitable for our studies on the mechanism of phytoene formation, the point at which acyclic carotenes cyclize to form f3-carotene, the control mechanisms in carotenogenesis, and other general applications on carotenogenesis. The characteristic patterns of carotene distribution in the mutants have been useful and will be useful for further studies of carotene biosynthesis involving cellfree systems (10, 11) , labeled intermediates, and the preparation of labeled carotene substrates with high specific activity for studying the pathway and the control mechanism of carotenogenesis. MATERIALS Cultural conditions. The cultures were stored at room temperature in diffuse light in Shasta flasks on a malt-agar medium containing 10% malt, 2.5% agar (Difco), and 0.3% yeast autolysate. The molds were subcultured at two monthly intervals. P. blakesleeanus wild types and mutants were grown in shake culture (i.e., Erlenmeyer flasks containing 250 ml of media) for 7 to 8 days before harvest as previously described (10) (11) (12) 20) . Aliquots of sterile stock solutions of the various chemicals were added to the flasks to give final concentrations as follows: streptomycin, 0.2% (wt/vol); AMO-1618, 10-3 M; Me2SO, 10-2 M; and DPA, 10-4 M. /3Ionone (0.5 ml) was administered to the cotton plug of the flask (12) .
Carotene extraction, purification, and estimation. Carotene extracton, purification, and estimation have been described in detail elsewhere (10, 21 ,3-zeacarotene, y-carotene, and (8-carotene were unaffected in normal red tomatoes. From these results it has been suggested that there are two separate enzyme systems (one for lycopene and one for (-carotene), which can act differently in vivo. However, treatment with Me2SO inhibited the synthesis of both acyclic and cyclic carotenes in the high-beta tomato mutant (19) . In the P. blakesleeanus, no selective effect was observed since the levels of all carotenes were reduced in the wild and mutant strains.
Action of AMO-1618. The chemical stimulated carotene formation in the P. blakesleeanus wild type and mutants. Since AMO-1618 can prevent the cyclization of geranylgeranyl pyrophosphate to form kaurene (3), it seems logical that the compound increases the amount of geranylgeranyl pyrophosphate available for carotene synthesis. The wild type and mutants all had increased levels of phytoene when grown in the presence of AMO-1618.
Action of streptomycin. High concentrations of streptomycin are known to affect protein synthesis, probably forming nonfunctional proteins (1). Streptomycin has been reported to be a strong inhibitor of carotene synthesis in P. blakesleeanus wild type (8, 20) , and this was again demonstrated in our results on NRRL 1554-( Table 1) . The inhibition apparently occurs early in the biosynthetic pathway, reducing the general level of precursors available, since the total carotene concentration decreases. These results are similar to those obtained with hydroxylamine on C115 (5) and isonicotinoylhydrazine on C115 and C9. Isonicotinoylhydrazine caused only the initial polyene, phytoene, and the major carotene (C115, (-carotene; C9, lycopene) to accumulate. As far as the mutants were concerned, no significant inhibitory effect was seen with the C5 and C115 strains (Table 2 and 4), and the synthesis of each carotene was reduced only by one-half in the C9 mutant ( Table 3 ). The anomalous behavior ofthe C5 and C115 mutants is interesting and should be studied further.
Action of (3-ionone. P-lonone stimulates general isoprenoid biosynthesis in a catalytic fashion (20) (8- ionone influenced the isoprenoid pathway between mevalonic acid-S-phosphate and Ry, dimethylallylpyrophosphate, and yet there was no increase in the phytoene level of the C5 mutant. The data on the C9 mutant was even more surprising. Not only was stimulation not observed, except in (-carotene, but there was a reduction of the carotene levels, especially with lycopene.
Implication on carotenogenesis in P. blakesleeanus. The effects of the different chemicals on the carotene synthesis of the wild-type and the mutants strains of P. blakesleeanus were more complex than expected. No simple conclusions can be drawn from the results obtained, but some important observations have emerged from this study. The apparent mode of action of the four chemicals is illustrated in Fig. 1 In extensive studies involving CPTA, CPTA analogues, and heterocyclic nitrogenous and other nitrogenous compounds, many of the chemicals caused accumulation of lycopene and (3-carotene, with a simultaneous decrease in the (3-carotene content. However, no definite conclusion could be drawn about the biosynthetic route to (3-carotene, i.e., through (3-zeacarotene or through lycopene, although the evidence suggested that both pathways could be operative. It was observed that a slight change in the structure of the chemical compound being tested could lead to a different result.
Hsu et al. (9) followed the time course production of carotenoids in the P. blakesleeanus wild type NRRL 1555-, red mutants C9, C10, and C13, and the heterokaryon C2, C9. The lycopene concentration in these strains reached its final value after 2 days of growth, when (B-carotene synthesis was just beginning. It was thus suggested that (3-carotene produced at later stages could be synthesized via ,3-zeacarotene.
